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NATTONAL, ADVISORY COMMITTEE FOR AERONATUTICS
RESEARCH MEMORANIUM

WIND-TUNNEL INVESTIGATION AT LOW SPEED TO DETERMIKE
AFRODYNAMIC PROPERTIES OF A JETTISORABLE NOSE
SECTION WITE CIRCULAR CROSS SECTION

By Roscoe H. Goodwin

SUMMARY

The asrodynamlc properties of a model of a Jettisonable nose
sectlon wilth a clrcular cross sectlon were determined at low speed
Trom an investigation in the Langley 20-foot free-spinning tunnel.
Force and moment measurements were made of the nose sectlon in various
positions removed from the fuselage and in & position simulating 1its
final condition of free fall (not under the influence of the fuselage).
For each location of the nose, the measurements were made with ard with-
out stabllizing fins attached.

The results of the investigation Indicated that the aerodynamic
characteristics of the nose were greatly affected by proximity to the
fuselage. It appears that stabilizing & nose may be necessary to prevent
it from turning to about 90° angle of attack, where greatly incréased
drag would cause high accelerations on a pilot within the nose. The'
results also indicated that, even for a stabilized nose, 1t may be
necessary to eject the nose forward forcibly in order to prevent high
accelerations along the backbone of the pllot.

INTRODUCTION

The Natilonal Advisory Commlttes for Aeronsutics is conducting
a general Investigatlon of methods of safe pllot escape from high-speed
elrcraft. One method that has been proposed is to Jettison -the nose of
the airplane at & break-off station lmmediately rearward of the pilot.
It is planned that after the nose has been Jjettlsoned and 1ts speed
has decreased; the pllot will leave the nose sectlon and descend with
his parachute. : :

COXFTIRNUTAT
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The results of recent experimental investigations (references 1,
2, and 2) have indicated generally similar behavior for dynamically
scaled-down models of alrplane jettisonasble nose sections at low
speeds and at low-supersonic speeds. The results of these lnvestl-
gations have indicated that a Jettisonable nose section without
stabilizing fins tends to turn prectically 90° to the wind but that if
stabillizing fins are used the nose can be made to conmtinue in & nose-
first flight attitude. Furthermore, 1t appeers that a pllot within an
unstable Jettisonsble nose may be subjected to high accelerations
due primsrily to the lncreased profile drag of the nose. On the
basis of results obtained from tests of a dynamic model of a nose
section dropped freely from a fixed portion of the remesinder of the
model (referencé 2), 1t also was indicated that even a stabllized
nose may hasve to be forclbly ejJected forward. The forcible ejectlon
mey be necessgary in order to prevent large negative longitudinal
accelerations on the pllot, which may occur if the nose is merely
' released and allowed to drop directly down from the fuselage. The
results have indicated similar behavlor for nose sectlons generally
clrcular in cross section wlth and without canopy protuberances. The
present low-speed lnvestigation was made 1n the Langley 20-foot
free-spinning tunnel in an attempt to obtaln same indications of +the
serodynamic characteristics which may affect the path and motlion of
a noge gectlon during and after separation from the fuselage.

For the investigation, a model of a jettisonable nose such as may
be used on a transonic alrplane design was used. Force and moment .
messurements were made with and without stablllizing fins attached to
the nose wilth the nose at various positions forward and below the
remaining portion of the fuselage in an attempt to include the path
the nose would follow 1f Jettisoned at various airspeeds with various
ejection forces. The tests were made for both 0° and 5°.angle of
attack. To obtain information as to the behavior of the nose when
no longer under the aserodynamic influence of the fuselage, force and °
moment tests were made on the isolated nose with and without fins for
angles of attack from 0° to 180°. . ‘

SYMBOLS

a angle of attack,-degrees
L 1ift, pounds
data are presented about stabllity axes
D dreg, pounds
Y
M pltching moment about center of gravity of nose, foot-pounds
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q dynamic pressure, pounds per sguare footb (épv? 5.68 lb/sq high
for these tests

P air denslty, slugs per cublc foot

S wing area (1h.3 sq f£t, scaled down from a representative

transonic airplane d.esign)

v velocity, feet per second

c mean aerodynamic chord (2.08 £+, scaled down from a representative
transonic airplane design)

Cp drag coefficient (D/gS) '

Cy, 1ift coefficient (L/qS)

Oy pitching-moment coefficient (M/gSc)

a diameter of the fuselege at the break-off station, feet

X forward separation of nose sectlon from fuselage, feet

A downward separation of nose section from fuselage, feet

W welght, . pounds

APPARATUS AND TESTS

Model and Balance

All tests were mede on a model of a Jettlsonable nose sectlon with
a circular cross sectlon. For the tests which simulated the nose
section in the vicinlty of the fuselage, a portlon of a circular
fusgelage imedlately rearward of_ the nose wes also used. The modsl
used represented approximately 3—15—sca.le versions of corresponding

component parts of a possible tranmsonlic alrplane design. Photographs of
the model mounted for testing are shown in flgures 1 and 2. The model
was made of -]2--inch balse planking over hardwood bulkheads and stringers.’

The finished model was covered with tissue paper and doped to achleve
a smooth surface. A drawing of the nose and fuselage showing the method
of mounting them for tests 1s presented 1n figure 3.
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As Indicated in figure 3, a strain-gage balance wase supported on the
end .of an arm proJjecting from the fusslage model and was completely
encloged within the nose section. Provision was made for altering the
length of the supportlng arms so as to obtelin varlious orlentatlions of .
the nose in front of. and below the fuselage. A photograph of the six-
component strain-gage balance used to measure the forces and moments
is shown ag figure k.

Wind Tunnel and Tests

The Langley 20-foot free~spinning tunmel used for this investigatim
is a vertical wind tunnel of the amnular return type and 1s capable of
attalining speeds of approximately 100 feet per secand at the working
gsectlon. The working section is dodecagonal in cross sectlon with
20 feet between opposite sldes.

Lift, drag, and pltching-moment measurements of the nose section
were made with end without stabilizing fins with the nose at various
positions forwerd of and below the fiselage for angles of attack
of 0° and 5°. For these measurements, the fuselege was set at the
same angle of attack as was the nose. For most of the measurements
on the finned conflguration, the fins were 1n horizontal and vertical
planes through the nose section, as shown in figure 2. For a few of
the tests, the fins were displaced L45° from these planes. Lift, drag,
and pilitching-moment measurements were made of the lsclated nose wlth

and without fins for an angle-of -attack range of 0° to 1809°.
PRECISTON

Several runs wéere repeated in order to obtaln an Indlcation of the
precigion of the measured results. The maximum difference between results
for the orilginal and repeated runs was: :

1% B T T T T T S 0.0026
L P ¢ R0 ¢ =5
CM e e e e e e e e e e e e e e e e e e e e e e e e e e e e w . 0.0006

The tunnel-wall effects were consldered neglligible because of the
small size of the model relative to the tunnel.

an
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RESULTS AND DISCUSSION

All force and mament date are presented as nondlmensionsl
coefficients based on the wing dimensions (S and &) scaled down fram
8 representatlive transonic airplane design.

In ‘the presentation of the results of the force and moment measure-
ments of the hose sectlon in the vicinity of the fuselage, the position
of the nose ig deflned in terms of the nondimensional para.meters x/d
and Z/d. The datae obtained at 0C and 5° angles of attack for the finned

nose sectlon when directly shead of the a.irpla.ne_( E = 0) are presented

as plots of the coefficlents against forward separation (X/d) in fig-

ures 5 and 6. It can be seen from these figures that there was

neglligible difference between the results obteained with the fing in
horizontal and vertical planes through the nose sectlon and the results
obtained with the fins displaced 45° from these plames. Therefore, for
the remainder of the tests of the finned nose in the vicinity of the
fuselage, the fins were mounted only in the horlzontel and vertical planes.

The force and moment data obtained with the model during the tests
in which the nose was separated both forward and below the fuselage are
presented as plots of Cr, Op, and Cy against forward separation X/d

for various downward separations end alsc as plots of these coeffi-
clents against downward sepsration Z/d for various forwerd separa-
tions. The C1, data sre presented in figures 7 to 10; the Cp data,
in figures 11 to 14%; and the CyM data, in figures 15 to 18. From
these graphs, contour plots of the dsta were mede to provide a con-
venient over-all plcture showlng the effects of the fuselage on the
aerodynemic properties of the nose section when in various positions
relative to the fuselage. These contour plots are shown in figures 19
to 24k. As previously indicated, the serodynsmic characteristics of the
isolated nose with and without fins were determined for angles of attack
from 0° to 180°. These data asre presented as plots of the coefficients
agalnst angle of attack in figures 25 and 26.

From exemination of the Cyu: contour plots for o of OCJ and 50

(figs. 24(a) and 24(b)), 1t can be seen that for any position of the
unfinned nose in the vlicinity of the fuselage the variation of Cy

against o has an unstable slope. As indicated in figure 26 the
unfinned nose out of the influence of the fuselage will likely trim

at approximately 90° angle of attack, which is in agreement with data
obtained from the previous investigations with dynamic models (ref-
erences 1, 2, and 3). The results in references 2 and 3 indicate the
possibility of large negative accelerations along the pllot's backbone

due to the attitude and increased drag of the nose. Reference 4 indicates

P i Rl
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the possible danger of such large negative accelerations, although it
has been indicated that recent experience by the Alr Force points to the
possibility that man's tolerance of negative acceleration may be greater
than the limits shown in reference 4. If the large sccelerations are
consldered dangerous, it mey be necessary to use stabilizing fins on the
nose sections.

Based on the data obtalned in the present lnvestigation, preliminary
calculations of posaible paths of the finned nose section Jettlsoned with-
out forcible eJection have been made. These calculations have indlcated
that the nose would slide downward from the fuselage through the region
of high negative 1lift shown in the C;, contour plotis (figs. 19 snd 20).
This high-1ift region will impose large accelerations on the pilot along
his backbone. As an example, assume that a nose section, with fins
attached, weighing 800 pounds were jettisoned by an airplane flying
650 feet per second at sea level. From figure 19(a), the nose will be

seen to pass through a reglon near g = 0.6 and g = 0 where the 1ift

coefficient will be approximately -0.08. The acceleration a in g's
due to 1ift can be calculated from the relation:

Or, ZoVES
W

a =

For thls example, Cr, = -0.08, p = 0.002378 slugs per cubic foot,

V = 650 feet per second, S = 175 square feet, W = 800 pounds, and the
acceleration is:

-0. 08@)0 .002378(650)2175
a = 0 = -8.8g's

This result is in agreement with the results from an investigation with
small dynsmic models (reference 2), If the large negative acceleration
is considered dangerous to & pilot, it may be necessary to eliminate 1t
by forcibly electing the nose forward of the remalnder of the alrplane.

The €5 and Cp contour charts Indicate that when a nose is forcibly

ejected 1t may enter reglons where the asrodynamic influence of the
fuselage wlll cause increzses in the 1lift and drag forces on the nose,
and these Increased forces may tend to prevent continmed separation .
between the two bodles. Another factor whlch may be adversme to continued
separation was noted in the results’ of the experimental investigation

of reference 5, whereln shiselding by the nose durlng the initlal phase

of separation prevented rapld deceleratlon of the rear body. In

this reference, however, 1t was shown that for a glven design, sufficient
force could he applied to allow for continued separation.
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From examination of the Cy contour plots for « of 0° and 5°
(figs. 23(a) ard (b)), it can be seen that for any position of the finned
nose in the vicinity of the fuselage the variation of Oy against «
has a stable slope and indicates some positive or negative trim angls.
Inasmuch as the data for the isolated nose (fig. 26) indicate a trim
angle of 0°, 1t appears that the proximity of the fuselage had an
effect on the static trim polnt of the nose. However, this is not
considered to be of seriocus consequence as regards the problem of
successful pilot escape by nose Jettlsoning because forcible forward
ejection would undoubtedly move the nose rapidly forward of the
region where the fuselage would appreclsbly influence the trim
angles of the nose in a manner similar to that indicated in
reference 5.

CORCLUDING REMARKS

The results of a low-speed investigation in the Langley 20-foot
free-spinning tunnel Indicated that the aerodynamic characteristics of
a Jettisonable nose section are affected by proximity to the fuselage.
It appears that 1t may be necessary to stablilize a nose to prevent it
from turning to sbout 90° angle of attack, where increased drag would
cause high accelerations on a pilot within the nose. The results slso
indicate that, even for a stabilized nose, 1t may be necessary to eject
the nose forward forcibly in order to prevent high accelerations slong
the backbone of the pilot.

Langley Aeronautical Laboratory
Netlonal Advisory Committees for' Aercnautics
Langley Air Force Base, Va.
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Figure 1.- Assembly used to obtaln force and moment measurements of

the §l§-scale nose section in the vicinity of the fuselage.

Nose shown wilthout stabiliziii fins. o = 0°.
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Figure 2.~ Assembly used to obtaln force and moment meassurements of
the

315 scale nose section in the vicinity of the fuselage.
Nose shown with stebilizing fins. o = 5°.



-



B 3

]+5I

‘ru—-" x Pt
\T —Tz e 19,84 ———>
N
——— —— — . u
i
]
L;-'\----\!}_é — 1 _4a
B B= 15.06"
| Hain fuselage ; Nose seotion
Bupporting arms without fins
\ \\\——Btrnin gage
| balance

|
I
4

Rear views of nose showing alternate fin locations

Figure 3.- Sketch of the model of the partial fuselsge and Jettliasonable noge section used in

the

Inveptigation,

ETLET WH VOVE







Figure k.- Six-component strain-gage balance used to obtain force and moment measurements of the
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Figure 19,- Contour plot of Cf; fins Inptalled on nose.
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Figure 20.- Contour plot of Cy;
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(b) o= 50.

fing inetalled on nose.

(a) q = 0°,

Figure 21.- Contour plet of Cp;
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Figure 22.- Contour plot of Cp; no fins on nose.
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Figure 23.~ Contour plot of Cpy; fins installed on nose.
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Figure 2k.- Contour plot of CM; no
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Figure 25.- Variation of C; and Cp with o for isolated nose with
and wilthout fins.
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